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(71) We, ST. JOE MINERALS COR- 
PORATION, a Corporation organised and 
existing under the laws of the State of New 
York, United States of America, having an 
office at '250 Park Avenue, New York, New 
York 10017, United States of America, do 
hereby declare the invention, for which wc 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

The present invention relates to a process 
for the production of wrought lead-calcium 
and lead-calcium-tin alloys which have tensile 
strength stability ac room temperature and to 
alloys produced thereby. 

Lead-containing alloys are useful in a 
variety of fields, such as in the construction 
of batteries. Alloys of lead, however, have 
physical properties which are somewhat de- 
ficient in regard to strength, strength stability 
at room temperature, heat stability and stress- 
rupture or creep resistance. 

It is an object of the present invention 
to provide wrought allo}^ of lead having ten- 
sile strength stabilitv* at room temperature and, 
according to certain embodiments of the in- 
vention, having improved strength, heat 
stability and stress-rupture or creep resist- 
ance. 

In general* the present invention provides 
siable wrought alloys of lead by casdng a 
lead-containing alloy having a defined cal- 
cium content, and preferably defined relative 
and absolute tin contents, and thereafter 
working the casting within a defined limited 
time period after casting. 

The time period between casting and work- 
ing is essential in order to produce wrought 
lead-calcium alloys and wrought lead-calcium- 



tin alloys wliich have tensile strength stability 
at room temperawre, i.e., the wrought alloys 
of the invention have strengths which are 
either immediately stable at room tempera- 
rurc immediate stability ") or which in- 45 
crease gradually with time up to 60 — 120 
days or more and then become stable at room 
temperature (" long-range stability ") as op- 
posed to wrought alloys having strengths at 
room temperature which decrease with time 50 
either immediately or months after working. 
This time period between casting and working 
can be greater as the relative tin to calcium 
content is increased. 

The tin to calciimi weight ratio or relative 55 
tin content is important in order to produce 
wrought lead alloys not only having strength 
stability at room temperature but also having 
improved strength, heat stability and stress- 
rupture or creep resistance. These latter pro- 60 
perries increase and then decrease as the tin 
to calcium weight ratio increases. 

!t is also important that the absolute tin 
content be regulated, particularly so as not to 
exceed a maximum value, in order to achieve 65 
strength stability at room temperature. 

More specifically, the present invention 
provides a process for die preparation of a 
wrought alloy of lead having tensile strength 
stability at room temperature which com- 70 
prises casting an alloy consisting of from 
0.02-/- to 0.1% by weight of calcium and 
the balance subsuntially lead; and woricing 
the casting at room temperature at a time 
within 8 hours from casting. It is preferred 75 
that the allovs have a calcium content of from 
0.067- to 0.09% by weight. Significant 
strengthening of the alloy can be achieved 
by adding tin in an amount such that the 
tin to calcium weight ratio or relative tin 80 
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content is from 5:1 to 10: 1 and the absolute 
tin content is from 0.3 V; to 3.0 'A by weight 
and in this case working of the casting at 
room temperature must take place at a time 

5 within 48 hours from casting. It is preferred 
that ihc alloy contain tin in an amount such 
that the tin to calcium weight ratio or re- 
lative tin content is from more than 10: 1 
to 150: 1 and preferably from 16: 1 to 40: 1 

10 and the absolute tin content is from 0.3 to 
3.0-/ bv weight in which case working of 
the casting af room temperature must take 
place at a time within 7 da>'s from casting. 
The absolute tin content is preferably from 

15 0.6 /'. to 2.0 /. by weight of the alloy. Most 
preferably the tin to calcium weight ratio 
is iibout 25 : 1. 

The cast alleys arc worked within a par- 
ticular limited time period after casdng, which 

20 lime period can be increased as the relative 
tin 10 calcium content is increased. Thus, the 
tin-free lead-calcium alloys must be worked 
or deformed within S hours after casting. 
However, the tin-containing lead-calcium 

25 allovs having a un to calcium weight ratio 
of from 5:1 to 10:1 can be worked or 
defonned within 4S hours after casting and the 
I in-containing lead-calcium alloys having a 
tin to calcium weight ratio of from more than 

30 10:1 to 150:1 can be worked or deformed 
within 7 days after casting. Even with these 
two types of tin-containing icad-calcium 
allovs, "however, it is preferred that they be 
worked or deformed within S hours after cast- 

35 ing because of the superior properties obtained 
thereby. 

Conver.tional batch or continuous metal- 
lurgical techniques can be employed in the 
castin*: and v/orking operations of the process 
40 of the invention. Working can include such 
techniques as rolling, extruding, forging and 
the like. 

The invention is described in more detail 
with reference to the accompanying drawings 
45 in which: 

Figure 1 shows graphs of Ultimate Tensile 
Strength vs Aeing Time (Room Temperature) 
for a Lead — 0.08 7: Calcium (no Tin) Alloy; 

Figure 2 shows graphs of Ultimate Tensile 
50 Strencth vs Aging Time fRoom Tempera- 
ture for a Lead— 0.08 / Calcium — 0.5'/ Tin 
Allov; 

Figure 3 shows graphs of Ulumate Tensile 
Strength vs Aging Time (Room Tempera- 
55 ture) for a Lead — 0.08 Calcium — LO V- Tin 
Allov; 

Figures 4 and 5 show graphs of Ultimate 
Tensile Strength vs Aging Time (Room Tem- 
perarure; for Lead 0.08 V. Calcium — 0 / , , 
60 0.5 7. and l.O'A Tin Alloy; 

Figure 6 is a graph showing the. effects 
of the Sn — Ca Weight Ratio on the Tensile 
Strength of Pb — Ca— Sn Alloy Rolled Sheet 
Aged'^120 Days at Room Temperature; 
65 Figure 7 shows graphs of the Effects of 



Heat Treatment at 150^F on the Tensile 
Strength Properties of Rolled Sheet of Lead — 
0.07"/ or 0.08% Calcium— 0%, 0.5% and 
1.0 //Tin Alloys. 

Figure 8 shows a graph of the Effect of 70 
Tin Content on the Stress Rupture Properties 
of Lead — 0.065% Calcium-Tin Alloy Rolled 
Sheet at a Stress of 3000 PSl. 

In Figs. 1 — 8 of the drawings and in Table 
I below the casting and working operations 75 
were performed in the following manner. The 
lead component of the alloys was a corroding 
grade lead; the calcium component was com- 
mercial calcium having a purity of 99.5%; 
and the tin component, where used, was un 80 
ha^-ing a purity of 99.9 7.. The alloys were 
continuously cast on a pilot scale continuous 
caster. The cast slabs were lOJ inches wide 
and 3 inch or 1 or J inch thick. In order to 
obtain satisfactory as-cast structures and sur- 85 
faces, each thickness was cast, at a different 
temperature, i.e., the J inch thick castings 
were made at a casting temperamre of 700^F., 
the ^ inch thick castings were made at a 
casting temperature of 725°F. and the i inch 90 
thick castings were made at a casting tem- 
perature of' 750^ F. The temperatures were 
held as closely as possible during casting, but 
crude temperature control permitted variations 
of as much as zt:10'^F. during the length of a 95 
cast. The aIlo>'s were cast at a rate of 3^ 
feet per minute. 

The working operation was rolling. Thus, 
the continuously cast alloys were rolled to 
0.040 inch using a constant rolling pass 100 
schedule, as follows: 0.750", 0.500^', 0.350", 
0.200", 0.120", 0.065" and 0.040". The 
starting material was a continuously cast stnp 
0.750" or 0.500" thick which was rolled to 
final gauge after aging at room Temperamre 105 
for varving time periods, namely, for 8 hours 
(Process A\ 1 day (Process B), 7 days (Process 
C), 14 davs r Process D) and 30 days (Process 
E). The "ijehaviour of the rolled sheet was 
evaluated on the basis of heat stability, ten- 110 
silc strength and stress-rupture (an indirect 
measure of creep resistance) properties during 
aging at room temperature for up to 240 
davs or longer. The tensile strength was 
measured using ASTM standard 1" gauge 115 
length specimens and a testing speed of 0.5 
inch/minute. The stress-rupture or creep re- 
sistance testing was performed with 2" gauge 
length specimens. All samples were prepared 
on "a Tensile-Kut machine. 120 

The effect and importance of the tirne 
period between casting and rolling on tensile 
strength and tensile strength stability at room 
temperature may be seen in Figs. 1, 2 and 3 
for representative alloys, namely, a lead — 125 
0.0S7, calcium (no tin) alloy, a lead — 0.08% 
calcium — 0.5 7 tin alloy' and a lead — 0.08% 
calcium — 1.0/: tin alloy, respectively. The 
cur\*es show the effect of rolling within 8 
hours after casting (Process A), 1 day after 130 
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casting (Process B), 7 days after casting (Pro- 
cess C;,' 14 days after casting (Process D) 
and 30 davs after casting (Process E). The 
" data for the lead— 0.08% calcium (no tin) 
5 alloy (Fig. 1) show that this tin-free mat- 
erial rolled within 8 hours after casting ex- 
hibits the lowest tensile suength level, but 
the tensile strength is immediately stable with 
time at room temperature (" immediate 
10 stability "). However, tin-free materials rolled 
1, 7, 14 and 30 days after casting, although 
exhibiting initially higher tensile strength 
levels, nevcnheless have tensile strengths 
which are not stable with time at room tem- 
15 peramre; and after reaching a peak some- 
where between 10 and 40 days, the tin-free 
materials produced by all of the other pro- 
cesses proceed to decrease in tensile strength. 
Tensile strength data taken after 240 days 
20 (not presented in Fig. 1) revealed that tin- 
free material processed by Process B and E 
became weaker than tin- free material manu- 
factured in accordance with Process A and 
that the downward trend of Process C and D 
25 continued. 

Fig. 2 likewise shows the effect of the time 
period ber>%-cen casting and rolling on tensile 
strength and tensile strength stability at room 
temperature of a lead — 0.08 calcium — 
30 0,57- tin alloy fabricated in accordance with 
the same nve Processes A — E. Here it may be 
seen that material having a tin to calcium 
weight ratio in the range from 5:1 to 10: 1, 
e.g., 6.25: 1, rolled within 8 hours after cast- 
35 ing (Process A) and material rolled 1 day after 
casting (Process B) increase gradually in ten- 
sile strength at room temperature over a four- 
month period and subsequently level off 
(" long-range stability However, waiting 7, 
40 14 and 30 days (Processes C, D and E, re- 
spectively) between casting and rolling yields 
materials which appear to increase in physical 
properties for approximately 60 days and 
then proceed to diminish in tensile strength at 
45 room temperature. 

The relationship of tensile strength at room 
temperature as a function of time for a lead — 
0.08-/, calcium — l.Oy. tin alloy fabiicated 
via IProcesses A, B, C and E is shown in 
50 Fig. 3. In this tin-containing alloy having a 
tin to calcium weight ratio in the range 
from more than 10:1 up to 150:1, e.g., 
12.5:1, there was achieved by Processes A, 
B and C a stable tensile strength at room 
55 temperature (" long-range stability ") which 
was higher than that for the tin-free alloy of 
Fig. 1. These data show that a delay of up 
to 7 days between casting and woridng by 
rolling does not result in decreasing properties, 



although the shorter the time delay the 60 
stronger the alloy. However, waiting 30 days 
(Process E) before rolling yields a material 
which reaches a maximum tensile strength at 
room temperature considerably below the ten- 
sile strength resulting from the other processes 65 
and which decreases vcr\' slowly with time 
thereafter. 

Fig. 4 shows the relatively orderly behavior 
as to " immediate stabilit>' " and " long-range 
stability" of the three alloys of Figs. 1, 2 70 
and 3 cast under identical conditions and 
rolled within 8 hours after casting (Process 
A). It will be noted once again that the lead- 
calcium alloys containing tin had appreci- 
ably greater tensile strength at room tempera- 75 
turc than did the lead-calcium alloy free of 
tin. 

Fig. 5 shows the rather chaotic effect on 
tensile strength of the same three alloys of 
Figs. 1, 2 and 3 if 30 days (Processs E) elapse 80 
between casting and rolling. A comparison 
of the curves for Figs. 4 and 5 shows the im- 
portance of working the lead-calcium and 
lead-calcium-tin alloys at a time period 
shordy after casting in order to achieve a 85 
stable' tensile strength at room temperature. 

Fig. 6 is a plot of the tin to calcium weight 
ratio versus the tensile strength at room tem- 
perature for various billet thicknesses of -J", 
-J" and 1" of lead alloys containing between 90 
0.06 y and 0.09 calcium. This curve shows 
that the tin to calcium weight ratio or relative 
tin content is one of the key parameters of 
the process of the invention in determining 
maximum tensile strength at room tempera- 95 
mre. These data show that, by using the tin 
to calcium weight ratio as the controlled 
variable, the scatter in properties due to vari- 
ation in chemical composition and billet 
thickness disappears. Fig. 6, taken together 100 
with Table I below, demonstrate that the 
tin to calcium weight ratio or relative tin 
content should be from more than 10: 1 up 
to 150:1 and that this ratio usually should 
be from 16: 1 to 40: 1 to maximize the ten- 105 
sile strength at room temperature of the aged 
wrought lead-calcium-tin alloys. This figure 
also shows that at a tin to calcium weight 
ratio of from 5 : 1 to 10: 1 the tensile strength 
at room temperature of an aged wrought tin- 110 
containing lead-calciimi-alloy can be some- 
what improved. 

The data in Table I below give the ultimate 
tensile strength after aging periods up to one 
year at room temperature of various wrought 115 
iead-calcium-tin alloys produced by Process 
A wherein the relative and absolute tin con- 
tents were varied. 
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As pointed out above, the data in Table I, 
taken together with Fig. 6, illustrate the fact 
that the tin to calcium weight ratio or re- 
lative tin content should be from more than 
5 10: 1 up to 150: 1 and that this ratio usually 
should be from 16:1 to 40:1 to maximize 
the tensile strength at room temperature of 
the aged wrought lead-calcium- tin alloys. The 
data for EKaraplcs 1 — 9 of the invention 
10 taiten together v/ith the data from the Process 
A curve in Figs. 2 and 4 compared with 
those for E::amples 10 and 11 not within the 
scope of the invention (because the absolute 
tin content of the lead-calcium-tin allo\-s ex- 
15 cecded about 3.0 X. by weight) further illus- 
trate or indicate that the absolute tin content 
should be from 0.3% to 3.0% and prefer- 
ably from 0.6% to 2.0%, by weight of the 
alloy in order funhcr to achieve strength 
20 stability at room temperature. Funhemiore, 
the data for Examples 1 — 3 wherein the tin 
to calcium weight ratio or relative tin con- 
tent was substantially constant i.e. about 25 : 1, 
indicate that the strength of the wrought lead- 
25 calcium-tin alloys increases as the calcium and 
tin absolute contents increase. 

The other facets of adding tin to lead- 
calcium alloys are shown in Figs. 7 and S 
v/hich respectively establish that tin in a high 
30 amount increases the tensile strength stability 
of the svstem at elevated temperatures, such 
as ISO^^^F., and dramatically improves the 
stress-rupture or creep resistance properties. 
Thus, in Fig. 7 the lead alloy having a tin 
35 to calcium high weight ratio in the range from 
more than 10:1 up to 150:1, e.g., 14.3:1, 
was substantially heat stable at the elevated 
temperature, whereas the other two lead alloys 
having low tin to calcium weight ratios of 
40 6.25 : 1 and 0: 1 (no tin) were not heat stable 
at the elevated temperature. From Fig. S it 
can be seen that the lead alloys having tin 
to calcium weight ratios of more than 10:1 
and higher suffer rupture only after about 70 
45 hciu-s ata stress of 3000 psi. as contrasted 
v/ith the tin-free lead-calcium alloy which 
ruptured after only a half hour of stress. 

It will be noted that the abscissa for Figs. 
1 — 7 is on a linear scale, whereas the abscissa 
50 for Fig. S is on a logarithmic scale. 



WHAT WE CLAIM IS : — 
1. A process for the preparation of a 
wrought alloy of lead having tensile saength 
stability at room temperature which comprises 
55 casting an alloy consisting of from 0.02/- to 
1.0% by weight of calcium and the balance 
substantiaUy lead; and working the casting 
at room temperature at a time within S hours 
from casting. 



2. A process as claimed in claim 1 where- 60 
in the alloy has a calcium content of from 
0.06% to 0.09% by weight. 

3. A process for the preparation of a 
wrought alloy of lead having tensile strength 
stability at room temperature which comprises 65 
casting an alloy consisting of from 0,02%- 

to 0.1% by weight of calcium, tin in aii 
amount such that the tin to calcium weight 
ratio is from 5:1 to 10:1 and the absolute 
tin content is from 0.3% to 3.0 X> by weight, 70 
and the balance substantially lead; and work- 
ing the casting at room temperature at a time 
within 48 hours from casting. 

4. A process as claimed in claim 3 where- 
in the alloy has a calciimi content of from 75 
0.06%, to 0.90%o by weight 

5. The process as claimed in claim 3 or 
4 wherein the casting is worked at room tem- 
peramre at a time within 8 hours from cast- 
ing. 80 

6. A process for the preparation of a 
wrought alloy of lead having tensile strength 
stability at room temperature which comprises 
casting an alloy consisting of from 0.02% 

to 0.1% by v/eight of calciimi, tin in an 85 
amount such that the tin to calcium weight 
ratio is from more than 10: 1 to 150: 1 and 
the absolute tin cement is from 0.3 7, to 3.0% 
by weight and the balance substantially lead; 
and working the casting at room tempera- 90 
ture at a time within 7 days from casting. 

7. A process as claimed in claim 6 where- 
in the alloy has a calcium content of from 
0.06 / to 0.09%, by weight. 

8. A process as claimed in claim 6 or 7 95 
wherein the tin to calcium weight ratio is 
from 16: 1 to 40: 1 and the absolute un con- 
tent is from 0.6%3 to 2,0%, by weight. 

9. A process as claimed in claim 8 where- 
in the tin to calcium weight ratio is about 100 
25:1. 

10. A process as claimed in any of claims 
6 to 9 Vv^hercin the casting is woriced at room 
temperature at a time within 8 hours from 
casting. 105 

11. ^ A process for the preparation of a 
wrought alloy of lead having tensile strength 
stability at room temperature substantially 
as hereinbefore described. 

12. A wrought alloy of lead having ten- 110 
sile strength stability at room temperature 
when prepared by a process as claimed in 

any of claims 1 to 11. 

ELKINGTON & FIFE, 
Chartered Patent Agents, 

High Holbom House, 

52/54 High Holbom, 

London WCIV 6SH. 
Agents for the Applicants. 
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